BEST AVAILABLE COPY 



PATENT ABSTRACTS OF JAPAN 



(1 1 Publication number : 06-275514 
(43)Date of publication of application : 30.09.1 994 



(51)Int.Cl. 




H01L 21/027 
603F 7/40 




i — . — - ■ — 

(21 Application number 


: 05-O83838 


(71)Applicant 


: SOLTEC:KK 


(22)Date of filing : 


19.03.1993 


(72)Inventor : 


TANAKA TOSHIHIKO 








MOR1GAMI MUSUAKI 



rr 



(30)Priority 

Priority number : 05 26012 Priority date : 22 01.1993 Priority country : JP 



(54) RESIST PATTERN FORMING METHOD 

(57)Abstract: 

PURPOSE: To enable fine resist patterns in high density or high 
aspect ratio to be formed without running short of the patterns. 
CONSTITUTION: A resist pattern 2 exposing specific patterns, 
after it is developed, is rinsed and then the whole surface thereof 
is irradiated with sensitizing beams (a) before a rinsing solution 5 
runs away to be dried up later so as to complete the resist 
patterns 2a. 
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CLAIMS 



[Claim(s)] 

[Claim 1] the resist pattern formation approach which is made to dry a rinse and forms a resist pattern 
while carrying out a rinse, after exposing a desired pattern to a resist and developing this resist — setting 

— between said development and rinse processings — or the resist pattern formation approach 
characterized by performing processing which raises the reinforcement of a resist in liquid during rinse 
processing. 

[Claim 2] the resist pattern formation approach which is made to dry a rinse and forms a resist pattern 
while carrying out a rinse, after exposing a desired pattern to a resist and developing this resist — setting 

— between said development and rinse processings — or the resist pattern formation approach 
characterized by performing processing which raises the degree of cross linking of a resist in liquid during 
rinse processing. 

[Claim 3] The resist pattern formation approach given in the 2nd term of a claim characterized by raising 
the degree of cross linking of a resist by irradiating ****** of this resist in the resist pattern formation 
approach given in the 2nd term of a claim when said resist is negative resist. 

[Claim 4] The resist pattern formation approach given in the 2nd term of a claim characterized by making 
solution temperature rise to the temperature which promotes bridge formation, and raising the degree of 
cross linking of a resist in the resist pattern formation approach given in the 2nd term of a claim when said 
resist is a chemistry multiplier system resist. 

[Claim 5] The resist pattern formation approach given in the 2nd term of a claim characterized by raising 
the degree of cross linking of a resist by processing in acid liquid in the resist pattern formation approach 
given in the 2nd term of a claim when said resist is an acid-catalyst bridge formation promotion mold 
resist. 

[Claim 6] The resist pattern formation approach given in the 5th term of a claim characterized by raising 
the degree of cross linking of a resist by making solution temperature rise to the temperature which 
promotes bridge formation in the resist pattern formation approach given in the 5th term of a claim, and 
processing in acid liquid. 

[Claim 7] The resist pattern formation approach given in the 2nd term of a claim characterized by making 
this base resin construct a bridge by irradiating ultraviolet radiation or far-ultraviolet light to this resist 
when said resist is a positive resist which used as the base the resin which used the benzene ring as the 
base in the resist pattern formation approach given in the 2nd term of a claim. 

[Claim 8] the resist pattern formation approach which is made to dry a rinse and forms a resist pattern 
while carrying out a rinse, after exposing a desired pattern to a resist and developing this resist — setting 

— between said development and rinse processings — or the resist pattern formation approach 
characterized by performing processing which raises the degree of polymerization of a resist in liquid during 
rinse processing. 

[Claim 9] The resist pattern formation approach characterized by making Youngs modulus of a resist into 
two or more 109 dyn/cm in the resist pattern formation approach which is made to dry a rinse and forms a 
resist pattern while carrying out a rinse, after exposing a desired pattern to a resist and developing this 
resist. 

[Claim 10] The resist pattern formation approach given in the 9th term of a claim characterized by making 
Youngs modulus of a resist into two or more 5x109 dyn/cm in the resist pattern formation approach given 



in the 9th term of a claim. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the resist pattern formation approach that **** of a resist 

pattern can be prevented effectively. 

[0002] 

[Description of the Prior Art] Formation of a limit detailed resist pattern is called for with the demand of 
high integration of ULSI. Formation of a resist pattern with a current lower limit of 0.2-0.3 micrometers is 
considered briskly, and there is also a thing for 0.1 micrometers in ultramodern research. Moreover, as 
another flow, the demand of a thick and detailed pattern also has thickness. For example, ED which forms 
the very high resist pattern of an aspect ratio using the thick resist (for example, 100 micrometers) of 
thickness is also furthered for micro machine production. 

[0003] As the exposure approach of a resist pattern, the wet development approach using the developer 
which is a liquid at the development although the line source is used variously, such as far-ultraviolet light 
with excimer laser light, such as ultraviolet radiation, such as g line and i line, and KrF, ArF, a Xe-Hg lamp, 
etc., an electron ray, a charged particle, and an X-ray, is mainly used. Although a part of dry development 
approach which used the silanizing reaction etc. and made liquid processing unnecessary on the other hand 
is also examined, the dry development approach has not resulted [ from the height of the defective 
incidence rate by the lowness of a throughput, the height of the price of a processor and dust, 
contamination, and the plasma damage ] in formal use. Therefore, since wet development is accompanied 
by washing by the rinse with a merit called the simplicity of a process and it becomes clean processing, 
examination is advanced towards continuing to be used. 

[0004] The formation approach of the conventional resist pattern is shown in drawing 4 . As shown in this 
drawing (a), a resist 2 is applied on a substrate 1. As shown in this drawing (b), a desired pattern is exposed 
using a mask 3. As the ******, ultraviolet radiation, far-ultraviolet light, an X-ray, an electron ray, a 
charged-particle line, etc. are used. Next, as shown in this drawing (c), a resist 2 is dipped in a developer 4. 
Resist pattern 2a is formed using the dissolution rate difference over the developer 4 of the resist 2 in a 
sensitization field and a non-exposing field. And as shown in this drawing (d), the resist 2 dissolved in a 
developer 4 and this developer 4 by the rinse 5 is flushed. Generally as this rinse 5, 20-25-degree C water 
is used. Furthermore, as shown in this drawing (e), a rinse 5 is dried and resist pattern 2a is completed. At 
this desiccation process, the spin desiccation which usually rotates a wafer at high speed is used. 
[0005] 

[Problem(s) to be Solved by the Invention] In the resist pattern formed by the above approaches, although 
the failure by the pattern in a big resist pattern was not produced, the detailed pattern (for example, 0.2 
micrometers) had the problem of falling. Moreover, the failure by this pattern has also produced the high 
pattern of an aspect ratio (resist height / resist pattern width of face), as [ lean / pattern 2a which 
approached crowds and / as shown in drawing 5 / the failure by these patterns / be ] — it falls and comes 
out. 

[0006] The failure by such pattern means that desired resist pattern formation cannot be performed, and 
links it with the yield fall of the product which it is going to make, and a dependability fall directly. Although 
it is necessary to arrange a detailed pattern at detailed spacing while a detailed pattern is needed if a 
component tends to be accumulated on high density or it is going to make a compact product, it becomes 



impossible to make by the failure by the pattern, so that a high accumulation or compact target product. 
[0007] the detailed resist pattern which this invention was originated in view of the above problems of the 
conventional technique, examined how to prevent the failure by the pattern effectively at the time of said 
resist pattern formation, and crowded especially — or — high — the resist pattern formation approach 
which an aspect resist pattern can form without the failure by the pattern — it is going to provide it is a 
thing. 
[0008] 

[Means for Solving the Problem] therefore, the resist pattern formation approach which is made to dry a 
rinse and forms a resist pattern while carrying out a rinse, after this invention's exposing a desired pattern 
to a resist and developing this resist — setting — between said development and rinse processings — or 
it is making into the basic feature to perform processing which raises the reinforcement of a resist in liquid 
during rinse processing. As processing which raises the reinforcement of this resist, there is processing 
which raises the degree of cross linking of a resist, for example. The reinforcement of a resist means the 
difficulty of carrying out of deformation when external force is added, and the strength of resist disruptive 
strength to the external force here. That is, it is the reinforcement to deformation including elastic 
deformation and plastic deformation. 

[0009] With the processing which raises the degree of cross linking of the resist performed in liquid by this 
invention When negative resist is used for said resist When it is irradiating ****** of this resist and this 
resist is a chemistry multiplier system resist It is making solution temperature rise to the temperature 
which promotes bridge formation, and when a resist is an acid-catalyst bridge formation promotion mold 
resist further, it is processing in acid liquid and it is still better for the temperature which promotes bridge 
formation in this case to make solution temperature rise and to perform processing in acid liquid. Also to 
the positive resist which used as the base the resin which used the benzene ring as the base, for example, 
the positive resist which used novolak resin and polyhydroxy styrene resin as the base, although the above 
is processing at the time of using the resist of a bridge formation mold, same processing can be performed. 
That is, when this resist is used and powerful ultraviolet radiation or far-ultraviolet light is irradiated, this 
base resin will construct a bridge and resist reinforcement will increase. 

[0010] between said developments and rinse processings as the 2nd invention besides the processing 
which raises the degree of cross linking of such a resist — or it is possible to raise the reinforcement by 
performing processing which raises the polymerization degree of a resist in liquid during rinse processing. 
[0011] 

[Function] It is in ** to produce the failure by the resist pattern in the inside of the process from dropping 
of a developer to desiccation of a rinse. However, it was not clear at which process it is generated. Then, 
as a result of investigating in a detail, it turned out that a suction force works between resist patterns with 
the surface tension of a rinse when a rinse dries, and the failure by the pattern arises. Therefore, the 
failure by the pattern is not produced till before rinse desiccation, moreover, the thing which the 
reinforcement of a resist will increase, so that the rate of bridge formation is raised in the case of the 
positive resist which used a bridge formation mold resist and novolak resin as the base and which carry 
out, in addition raises the polymerization degree of a resist — the reinforcement — increasing pattern 
deflection and a pattern crease — a lifting — hard — it becomes. Then, as a degree of cross linking or 
polymerization degree is promoted in liquid, pattern reinforcement is raised after resist pattern formation 
and the surface tension by rinse desiccation can be borne, he is trying to prevent the failure by the pattern 
in this invention. Since processing which raises reinforcement after development (after pattern formation) 
is performed, degradation or the defect of shape of pattern resolution are not started by this processing. 
[0012] 

[Example] Hereafter, it explains in full detail per concrete example of this invention, the process of drawing 
4 which drawing 1 shows the formation process of the resist pattern performed as one example of this 
invention, and was fundamentally shown in said conventional example in this process, and abbreviation 
the resist pattern is formed at the same process. 

[0013] That is, it heat-treats, after applying the resist 2 of 1 -micrometer thickness on a substrate 1, as 
shown in drawing 1 (a). In this example, BLESTIV-7S (trade name) of Hitachi Chemical Co., Ltd. which is 
the negative resist (the ingredient which used azide as the principal component of a cross linking agent is 
that representation) of a bridge formation advance mold as this resist 2 were used. And as shown in this 
drawing (b), an X-ray is irradiated using a mask 3 and a desired pattern is exposed. Exposure by ultraviolet 



radiation, far-ultraviolet light, the electron ray, a charged-particle line, etc. is [ that what is necessary is 
just the light which not only an X-ray but a resist exposes as the exposure light ] sufficient. As shown in 
this drawing (c) after that, a resist 2 is developed using the tetramethylammonium hydroxide water solution 
4 2.38%. And as shown in this drawing (d) ? a rinse is performed by making water into a rinse 5, and the 
r-esist 2 dissolved in a developer 4 and this developer 4 is flushed. Before cutting the water, as shown in 
this drawing (e), ****** was irradiated completely. Here, the light which attains to far-ultraviolet light from 
ultraviolet radiation using a Hg-Xe lamp was irradiated. However, this may be 1 operation conditions, and as 
long as it is ******, i line (wavelength of 365nm) which is ****** is sufficient as it satisfactory. Finally spin 
desiccation is performed, as shown in this drawing (f), a rinse 5 is removed, and resist pattern 2a is 
completed. 

[0014] Although the 0.2-micrometer Rhine & tooth-space pattern started the failure by the pattern by the 
usual method of not performing the complete exposure of ****** in the experiment conducted in this 
example, the failure by the pattern did not happen by this invention method which performed the complete 
exposure as mentioned above. 

[0015] Next, this invention person etc. carried out resist pattern formation processing which consists of a 
process shown in drawing 2 in order to verify other examples which can make the rate of bridge formation 
of a resist improve. That is, processing of (d) is performing the same processing as said 1st example from 
this drawing (a). However, as a resist 2, the sensitization section used the chemistry magnification mold 
negative resist SAL601 (trade name) of a cypripedium rhe company by this example that what is necessary 
is just the resist of the type which carries out heat bridge formation. And before drying a rinse 5 f as shown 
in this drawing (e), this rinse 5 was warmed. Although warmed at 90 degrees C here, it is still better to 
consider as the temperature of about 1 20 degrees C, pressurizing in order to advance bridge formation 
more. Moreover, warming irradiating ****** was also effective. In this case, it is good to use far-ultraviolet 
light from ultraviolet radiation as ******. Finally spin desiccation was performed, as shown in this drawing 
(f), the rinse 5 was removed, and resist pattern 2a was formed. 

[0016] Although the 0.2-micrometer Rhine & tooth-space pattern started the failure by the pattern by the 
usual method of not warming a rinse in the experiment conducted in this example, the failure by the pattern 
did not happen by this invention method which warmed the rinse as mentioned above. 

[0017] In addition, this invention person etc. carried out resist pattern formation processing which consists 
of a process shown in drawing 3 in order to verify the example of further others which can make the rate 
of bridge formation of a resist improve. That is, processing of (d) is performing the same processing as said 
1st and 2nd examples from this drawing (a). However, as a resist 2, the thickness could be 0.85 
micrometers using AZ-PN100 (trade name) of Hoechst A.G. by this example that what is necessary is just 
an acid catalyzed reaction bridge formation mold resist. And without drying a rinse 5, as shown in this 
drawing (e), it dipped in acid liquid 6. Although rare acetic-acid liquid was used as this acid liquid 6 here, 
dilute-hydrochloric-acid liquid, rare sulfuric-acid liquid, etc. can also be used. Moreover, it is still better to 
warm this acid liquid 6. As shown in this drawing (f) after that, the rinse was carried out by water 5a, finally 
spin desiccation was performed, as shown in this drawing (g), this rinse 5a was removed, and resist pattern 
2a was formed. 

[0018] Although the 0.15-micrometer Rhine & tooth-space pattern started the failure by the pattern by the 
usual approach which is not dipped into acid liquid in the experiment conducted in this example, the failure 
by the pattern did not happen by this invention method dipped in acid liquid as mentioned above. 
[0019] On the other hand, this invention person etc. performed resist pattern formation using the positive 
resist which consists of naphthoquinonediazide and novolak resin in order to verify another example which 
can make the rate of bridge formation of a resist improve. Among those, the processing as said the 1st 
thru/or 3rd example that rinse processing is the same is performed. However, the thickness could be 1 
micrometer, using the above-mentioned positive resist as a resist 2. And before drying a rinse 5, the light 
which uses a Hg-Xe lamp and contains far-ultraviolet light was irradiated all over resist 2. The exposure 
was made into 1 kJ/cm2. Finally spin desiccation was performed, the rinse 5 was removed, and resist 
pattern 2a was formed. 

[0020] Although the 0.2-micrometer Rhine & tooth-space pattern started the failure by the pattern by the 
usual method of not performing the complete exposure of far-ultraviolet light in the experiment conducted 
in this example, the increase of the degree of cross linking of novolak resin and the failure by the pattern 
did not happen by the exposure by this invention method which performed the complete exposure as 
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mentioned above. 

[0021] In addition, when the pattern dimension made it two or more 109 dyn/cm on 0.15-micrometer level 
and made Young's modulus of the resist 2 before rinse 5 desiccation two or more 5x109 dyn/cm on 0.1 - 
micrometer level, the failure by the pattern has been prevented. 
[0022] 

[Effect of the Invention] according to this invention method explained in full detail above — a resist 
pattern, especially the dense detailed resist pattern — high — the failure by the pattern of the comrades 
which approached in the case of the aspect resist pattern can be prevented. Therefore, the yield of the 
product manufactured based on the resist pattern formed by this invention method will improve by leaps 
and bounds. In addition, when using this invention method for lithography, it can apply to any lithography, 
such as light, an electron ray, an X-ray, and a charged-particle line. 
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